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ABSTRACT 


It is proposed here that the orbital angular momentum 
of binaries may be dissipated through mass ejection along 
magnetic lines of force. It brings the separation of two 
component stars closer and closer, such that in some cases 
contact binaries, lika UMa systems, may be formed in 

this way. 

If the dissipation of angular momentum continues after 
the two components come into direct contact, the course 
open for the binary is to transfer mass from the less 
massive to the more massive component. Three observational 
results — (1) the mass ratios of the W UMa systems, (2) 
the negative correlation between the axial rotation and 
the frequency occurrence of spectroscopic binaries in 
different clusters and associations, and (3) the stars of 
hydrogen-poor and helium-rich atmospheres — are discussed 
in the light of this suggestion. Finally, a general scheme 
of interrelationship among stellar objects is advanced 



§ 

£ 


$ 

\ 



N66 29411 


X 




(ACCfcbSrON NUMBER) - 

£9 


>* 

a 

o 

o 


to 

X 


(PAGES) 


© 

1 ? 
•2 S 

s : 





(CATEGORY) 


I. Introduction 


The contact binaries, like W UMa stars have been 
f ound abundant in the galactic system (Shapley 1948) . 
However, their formation remains a great mystery, because 
the two components simply could not have formed so close 
together. Otherwise, the two stars would have engulfed 
each other during the pre -main-sequence stage of evolution. 
It is then difficult to envisage a separation of two 
gaseous spheres from a single one. 

Many theories for the origin of close binaries in 
general have been proposed (e.g. Hynek 1951, Huang 1966). 

For the contact binaries of W UMa types we face three 
possibilities: (1) fission from a single rapidly rotating 

star , (2) contraction of the orbit in a resisting medium, 
and (3) evolution from other close binaries. Most 
astronomers have ruled out definitely the fission theory. 
Indeed, even its strong advocate admitted its difficulties 
(Jeans 1944) , although recently Roxbough (1965) has revi.Y,;ed 
it. 

The idea of a resisting medium which dissipates the 
dynamical energy of a binary system and thereby reduces its 
separation faces the fact that in the interstellar medium 
the densities are not high enough to do the required work 
(Huang 1966). Regarding the third possibility Struve (1950) 
has suggested that the contact binaries of the ff UMa type 
are the product of evolution of more massive contact binaries 
such as U Coronae Borealis which is supposed to owe its 
existence again to fission of rapidly rotating stars. Hence, 
Struve's suggestion does not go beyond the fission origins 
for the contact binaries. In view of the difficulties 
entered -by the two conventional theories, we shall present 
here a theory for the formation of contact binaries based 
on a new mechanism of angular momentum dissipation whose 
importance is only recently realized. 



There is increasing evidence that intense magnetic 
activities prevail in the early stage of stellar evolution. 
Several empirical results which are otherwise un-explainable 
can now be understood in terms of electromagnetic inter- 
action taking place on the stellar surface. These theories 
have been recently summarized (Huang 1965b) . In particular 
we should mention the over -abundance of lithium. in T Tauri 
stars as compared with its proportion in the Solar atmosphere 
(Bonsack and Greenstein 1960; Herbig 1962). According to 
Fowler, Greenstein and Hoyle (1962), this anomaly arises 
from the spallation process that proceeds on the surface of 
these stars; the high-energy particles, dominantly protons, 
that are responsible for spallation are supposed to be 
accelerated by the same electromagnetic force that produces 
other phenomena, such as flares (Poveda 1964), ejection of 
matter (Herbig 1957) , etc. Finally, Wilson (1963) has 
found a probable correlation between chromospheric activity 
(as seen from the H-K emission) and age in main-sequence > 
stars in the sense that the activity decreases with age. 
Following what has been found in the solar chromosphere 
(Babcock and Babcock 1958; Osterbrock 1961) , he has also 
suggested that magnetic field strength over the stellar 
surface may determine the strength of H-K emission. If so, there 
must be'-.'; a strong field in the early phase of stellar 
evolution, agreeing with the conclusion obtained from other 
considerations as we have already seen. 

Ionized particles ejected along the magnetic lines of 
force that rotate with the star acquire a large amount of 
angular momentum. When these particles are lost to the 
system or are absorbed by the surrounding medium, the 
angular momentum they carry is lost to the star. The loss 
of angular momentum in this way provided an effective means 
for braking stellar rotation (Schatzman 1962). Indeed, 


we have found that the statistical behavior of stellar 
rotation seems to dgree with the concept of braking (Huang 
1965a) . Now if the spin angular momentum of the star can 
be dissipated this way, it is equally likely that the orbital 
angular momentum of a binary system may be similarly dissi- 
pated through electromagnetic interaction. Here we see 'a 
means to bring the two components of the binary together 
more effectively than a resisting medium. In fact this 
appears to be the only reasonable way that contact binaries 
that abound in the solar neighborhood can be formed. In 
the following section we will develope a preliminary 
theory for the origin of contact binaries based on this 
idea. 


II . Formation of Contact Binaries 
i Consider a binary system whose two components are 
revolving around each other in circular orbits for the sake 
of simplicity. Let the separation between the two com- 
ponents be a. Hence, if we denote by JL, R i ,R.k i (i=l, 2) 
respectively, the masses, radii and radii of gyration of 
the two components, the total angular momentum of the system, 
becomes 


Wt-2 li*>i +/*■*' 03 , 


/ 


( 1 ) 


where 


r 


- ~ j y ( 2 ) 

m,+m 


I A 


while 6)^ and are respectively spin angular velocities 

of the two components and (ti angular velocity of orbital 
revolution given by 
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with G as the gravitational constant. 

IV e shall study separately three idealized cases of 
binaries v/hose angular momentum is being steadily dissipated. 
(1) The radii, R^ and R 2 of the two components change 
with time according to gravitational contraction but the 
two components are so far apart that the orbital motion and 
axial rotation are not coupled. This case perhaps applies 
to the early stage of drifting together of two components 
in a binary of a fairly large separation. (2) The radii 
R-^ and Rg are constant but orbital motion and axial 
rotation are synchronized. This would be the case when 
the two components have reached the main sequence and their 
separation has become quite close. (3) The two components 
are already in physical contact. The first two cases 
will be discussed in this section leaving the third one 
in the next section. 

Case 1 . Since spin and orbital motion are assumed 
to be unrelated, we may forget about the terms £ I^w. in 
equation (1) in dealing with orbital motion. On the other 
hand we must consider time variations in R^ and R 2 and 
perhaps also in the luminosities, and Lg, of the two 
components . 

Let us first consider the variation of R^ and R 2 . 
According to Hayashi's (1961:) theory of evolution for pre- 
main-sequence stars, the evolutionary track on the H-R 
diagram is dominantly vertical and their internal structure 
is based on convective equilibrium. This is especially 
true for the late stars. Hence, as a simplification, we 
shall assume the effective temperature..., T^ of the com- 
ponent;. to be constant in the entire course of evolution 
towards the main sequence. During its contracting stage, 
the luminosity of a star is supplied by its gravitational 
energy , 
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where a is a constant equal to 6/7 as long as the star 
remains in the state of convective equilibrium. We now 
assume that although it carries away a large amount of 
angular momentum, the mass ejected from the star is negli- 
gible. Therefore, in the following treatment we will 
take ftL (i=l, 2) as constant in the course of evolution. 

It follows that the change of gravitational energy is only 
through a change in the radius. From the virial theorem 
(e.g. Chandrasekhar 1939) we have 



where the ratio of specific heats have been' set equal to 
5/3 and the luminosity of each component, , is given by 
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o being the Stef an-Boltzmann constant. Since the effective 
temperature, (i=l, 2) is assumed to be constant during 
evolution, equations (5) and (6) then yield 
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is a time scale related to gravitational contraction and R. 

l 

is the value of R. at t = 0, 



Next we consider the rate of angular momentum 
dissipation, which must he directly proportional to the 
rate of mass ejection. The latter likely increases with 
the luminosity because it is perhaps ultimately due to the 
convective energy flow that activates the mass ejection. 
Also, the rate of loss of angular momentum must be pro- 
portional to the angular velocity of the star, because 
the angular momentum carried away by ejected mass along 
the magnetic lines of force that rotate with the star is 
directly proportional to the stellar angular velocity. 
Hence, we may write 
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where Li , f\represents the luminosity of each component 
(i = 1, 2) at the final stage of contraction (to be identified 
as the main sequence as an approximation) . In writing 
this way j,^ may be taken as the average effective radius 
(from the center of mass of the binary system) of points 
at which charged particles are decoupled from the magnetic 
lines of force. One of possible decoupling processes occurs 
when the charged particles enter into a cool medium of 

/> VJ / / • // )' 'i'S 

little ionization. The term p L H£ / £,/, j J denotes the 
rate of mass ejection from both components with the index 
n likely to be one. Hence, j3 has the dimension of mass. over time. 
Integration of equation (9) with the aid of equation (7) 
yields 
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a being the initial value of a. 


If we denote by m 
components , we have 


the mass ejected by the two 
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We can easily integrate equation (12) in the same way as 
equation (S) and obtain indeed the same summation as that 
appearing in equation (10). Combining the results, we 
derive a simple relation 
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which is independent of n. 

Equation (10) describes in general how the two components 
approach each other as a result of angular momentum dissipation 
and is valid before either component reaches the main- 
sequence, i.e., for t less than the contracting time scale, 
t . which may be obtained by setting R. equal to its main— 

C J 1 x 

seuqence value, R^ ^ , in equation (7). 

Let us consider a special case of M ]L =M 2 and n = 1. 

Write t cl =t c2 =t c , R 1 =R 2 =R. If we denote >: f as the 

value of x when both components have reached the main 
sequence, it can be easily derived from equation (10) that 
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where 



sli 


is the contraction factor of the radius. Equation (14) 
gives the variation with time of separation from 5>= 1 to 
X =%£ for different values of r. Hence ,, r in-t affects 
ghtly the manner in which x decreases from 1 to x^ . The 
actual amount of decrease in separation is determined by 
x f which is given by 
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Obviously,"^ is also related to the net angular momentum 
dissipated. If /$T denotes the orbital angular momentum 
at t =0, the total dissipation of angular momentum in the 
interval t is given by 
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which, together with equation (17), gives a relation between 

A andT, . If we now combine equation (IS) with 

l/ 

equation (13), the following relation is obt? ned between 
mass dissipate and angular momentum dissipat 
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In order to reduce 


- V p 

(jcls by an appreciable amount, A. / /£ 

must be of the order of one. If 7 A f/j <C-C / as has been 
// / // ** ' 
assumed, J /c must be much greater than one. Hence 

the critical point of the present theory is the value of ^ . 

If we assume that during magnetic activities in the early 
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phase of evolution, the magnetic field prevailing on the 

A 

stellar surface is of the order of 10* gauss. As a dipole 

-3 

. field it decreases with the distance, d, according to d 

3 

Hence, at a distance of 10 R the stellar field will reach 

the same strength as that of the interstellar magnetic 
-5 

field, say 10 gauss. (Chandrasekhar and Fermi 1953) 

3 f 1 

Therefore 10 R may be the upper limit of '/ . Hence, 

if <Z 0 S' jo l\ , the proposed mechanism of braking 

orbital motion is not expected to be effective. Most 
likely only binaries with £; 0 fOO can be brought 

into contact by magnetic braking. On the other hand, we 
should remember that in the early stage of evolution the 
stellar radius R is large. This fact enhances the 
effectiveness of the suggested mechanism for converting 
close binaries into contact ones. 


Case 2. We no longer assume contraction of component 
stars. Hence, the rate of angular momentum dissipation may 
be taken as constant because of the constancy of lumi- 
nosity. But now the axial rotation and orbital revolution 
are taken to be synchronized. If we denote It + I 0 by I , 

X x f 

we have the equation for angular momentum as 
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if the total mass ejected is very small compared with the 
stellar masses. Integration of equation (20) yields 
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the tine 


v/hore x and 'T* are given by equation (11) . Hence 

1 


scale that the binary will be cone a contact one is of the 
order of j^j~ • The separation, x, of the tv;o component 
decreases from 1 first like (l - 4 t/-£* )h/ 2 and then more 
ran idly when the logarithmic term becomes aocreciable . 


III. Evolution of Contact Binaries 

liquations (14) and (21) are valid only before the two 
stars come to contact. If after the contact the angular 
momentum continues its dissipation, the binary orbit cannot 
further shrink without violating the stellar structure 
because a high pressure devolopes at the surface of contact. 
Actually the binary v/ill follow a course that meets the least 
resistance as well as satisfies the condition of decreasing 
angular momentum. One can easily see that the course is to 
remove the mass in the surface layer of the less massive 
component to that of its companion. This ma?/- be regarded 
as a fussion phase of evolution of contact binaries. 

Let us assume the two components to be main-sequence 
stars so that they satisfy the mass-radius relation. 
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obtained by Russell and Koore (19U0), if I-g is expressed e solar unit. 

Hence the separation between the components at any time b .s 


a = , r ( t + hi - % ( M z 1 ) 


( 23 ) 



As the angular momentum of the contact binary system decreases, 
mass flows from hg to -'-i if **]_/' ’^ 2 * other words, dli^/dt 

~ — d. M/ ^ O 1 or the total mass of the system is 

not perceptibly lowered by the ejection process and is conse- 
quently assuemd to be constant. Equation of angular momentum 
dissipation then becomes 
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integration of equation (25) gives 
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and is the initial value of ^ 

Since it is always in the direction from the less to 
the more massive component that the mass flows in the course • 
of angular momentum dissipation, ^ ^ always. This 

explains the lower limit adopted in the integral defining 

Y U) 

Table 1 gives^. functions ) as defined by equation (30) 
as well as '\1/ (x) 
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which is related to the separation of the two components by 
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The case of £ — j correspohds^the disappearance of the less 



its companion the 


massive component. Ironically by annexing 
more massive component is overtaken by its own instability, 
because it can be easily/ seen that at the moment of complete 
merging of the two components the resultant star is rotationally 
unstable. However the rotationally unstable star has less 
angular momentum than the preceeding state of being a contact 
binary with a, large mass ratio. 

The total time from the first contact to the. complete 
disappearance of the less massive component is equal to 

i = (fO)-f(V] » 

“i ^ A . 

For two stars with equal masses in the beginning, p o ’ = ' 0 '> / 

^=o. 2 JM 2 \ ■ 

( 

from Table 1. Hence "Jf increases with 11^ • * provided that 
does not vary with 1.1. Actually if the ejection of mass is 

i 

directly related to the luminosity, may decrease with mass 
because of possible higher rates of dissipation of angular 
momentum in stars of higher luminosities. Hence a more 
definite statement can be made only after we have understood 
qualitatively the actual loss of angular momentum through 
mass ejection. 

That the mass flows from the less to the more massive 
component in a contact binary during angular momentum 
dissipation is due to the mass-radius relation given by 



equation {250. This makes a decrease of separation, 
correspond to a transfer of mass from the less to the more 
massive component. Only in this situation can we maintain 
two separate stars even when they are in contact. If it 
should happen that 

= wiil 3- 7 
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The more massive component will literally swallow its 
companion at the very beginning of the contact configuration, 
instead of slow accreting mass from the latter. However, it 
does not appear that the condition -h > I corresponds to 


any realistic case. 


IV. Discussion 

While the present suggestion for the formation of 
contact binaries is ideall:/- sound because it it based 
entirely on known physical principles and empirically 
supportable because we do find evidence of magnetic activities 
in the early phase of stellar evolution, we would still, like 
to find some other empirical confirmations. This is a 
difficult task. However we may call the attention to some 
observational facts which appear to be consistent with the 
consequences of the present theory. 


We hatfe mentioned that mass must flow from the less to 
the more massive component in a contact configuration if the 
angular momentum of the system is being continuously dissipated. 


Hence unless the dissipation stops just when two stars of 
equal masses cone in to contact, the masses of two components 
in a contact binary will in general differ from each other. 

In other words the chance of finding two component stars of 
equal masses in contact binaries must be very small. Indeed, 
if we now examine the mass ratio, of W Ui.ia stars, we find 


that although the two components have usually similar 
spectral t'ppes their masses are never equal. In Sahade's 
(1962) recent compilation there are listed 15 W U!.'Ia systems 
with known masses for both components. Table 2 gives the 
distribution of the mass ratio of these 15 systems. 

If we further remember that binaries of equal masses are the 
easiest to be detected, the distribution as given in Table 2 
shows clearly the avoidance of mass ratio around 1 by these 


binary systems. On the other hand when we examine the mass 
ratios of non-contact binaries we find that oinanes witn 
components of equal masses are quite common. As examples 
*73 may cite TI Gem, R'.V UHa. and W2 Cph, all having a mass ratio 
of one and DI Her, S3 Boo,, and CV Vel all having mass ratios 
nearly one. Thus the difference in the mass ratio found 
between non-contact binaries and contact omaries speaxs most 
favorably for our present suggestion. 

An observational result that has so far baffled us is 
a certain inverse-relationship between the frequency occurence 
of spectroscopic binaries and the state oa axial roLa^ion in 



different groups of stars. Sr.i th. and Struve (1944) concluded 
from a study of 71 'pleiades stars that there was a marked 


scarcity of large -amplitude binaries in that cluster. On 
the other hand the average rotational velocity of stars in 


;he cluster was known to be above the average value dervied 


from field stars of the sfigje spe-ctral types. This puzzling 

relation has been more clearly shown in a recent paper by 

Abt and Hunter (1962). They have not only confirmed Smith 

and Struve ? s # f. or the Dleiades stars but also found a reverse 

A * 

phenomenon, namely those clusters whose stars are low In the 
observed rotational velocities contain high percentages of- 
spectrocoplc binaries. They have derived this conclusion 
from a stud;/ of three groups of stars the I Lac and I Ori 
associations and the c* Per cluster. Later, Abt and Snowden 
(1954) have further conformed this result in the cluster IG 


4565 from their study of radial velocities and Deutsches 
(1955) study of rotational velocities. In the case of Orion 
stars, the same result has been obtained by bcPanara and 
Larsson (1352) and I/IclTanara (1S63). 


Puzzling as these results seem, they can oe understood 
easily in the light of the present theory. V/e have suggested 
the decrease of separations of non-contact binaries and the 
merging of two components in contact binaries inuo single 
rotational stars as a result of tne loss oi angular momentum, 
hence if the condition should be favorable to dissipation 01 
regular momentum, such as the presence of a gaseous medium in 


the surrounding, we would expect many spectroscopic binaries 

to become rapidly rotating stars in this way. This may be 

the state in the Pleiades cluster. On the other hand if the 

dissipation is unfavorable or the associations or clusters 

are so young that little dissipation has taken place, the 

X^rcentage of spectroscopic binaries will maintain their 

original proportion. Such may be the case in the associations. 

V/e do not claim at present that this is indeed the exact, cause 

p.ct 

for the negative correlation between populations of^rota'cing 
stars and of spectroscopic binaries, but v/e must be impressed 
by the simplicity and naturalness that this phenomenon may 
be understood in terms of our present theory. Abt (19S5) 
has? suggested that the slowness of rotation in those groups 
of stars where spectroscopic binaries abound may be due to 
the tidal interaction. While this makes the difference in 
rotational velocity understandable, it does not explain why 
in the first place there are more spectroscopic binaries in 
some clusters and associations than in others. In a ny case 
whatever is the true cause, this negative correlation between 
two kinds of stellar objects both possessing large amounts 
of angular momentum points^nost clearly what tne latter 
should be viewed in an overall manner instead of being dis- 
cussed separately in the name of binaries, rotating stars 
and planetary systems . 

A consequence of the mass transfer proposed here for the 
merging of two components in a contact' binary into a single 
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rotating star is 

U JL j.G 
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because ac c o r d i ng 
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the loss of mass 
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peeling of an ori 
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Consequently if t 

hermonucle 


of converting -hydrogen into he linn have started in the interi 
of the loss massive component before this node of mass transfe 
sets in, we mill find a higher helium abundance in the atmosph 
of the resulting stars than the amount present in the • 

atmospheres of two original component stars. At present we 
do not have empirical data accurate enough either to confirm 
or to deny this prediction. 

At this point it may be mentioned that there are stars 

such as up si Ion Sagittarii (Greens tain 1940) HD12444S (Popper 

1947) , KD30553 (Bideiman 1350), HD1SCS41 (Bidelman 1352), 

d'-lcL 

110153475 ( 'Thackeray 1254), 11995445 (Jaschek and Jaschek 1359), 
which show unusually high abundance of helium and / or low 
abundance of hydrogen. Such a phenomenon is very difficult 
to unde r s t and in terns of s teller evolution oecause memo — 
nuclear reactions of converting hydrogen into heavier elements 
do not take place in the envelope. The core in v/hich thermo- 
nuclear reactions operate contains only aoouo one tsntn ox tne 
s cellar mass. Therefore ix- is e equally oixficult Lo eywplo.m 
these hydro g o n- de f i c i e nt or helium-rich soars m oerms cf mass 
loss in its usual sense. The present concept oi merging ^v. r o 
comoonent stars in a contact binary mao a single one appears 




o0 /^“ c-ssirabie mechanism unat cen turn the interior cf 
into u 2 C atmospnere ana tnoreby produce the Dlioromencn of 
nyarcgen deficiency and he limn overabundance in the atmosphere 
Another consequence of the present theory that is more 
o.if i icult to cnecx will.be seen' when v;e inquire about the 
oroioal anpaiar momentum that has been dissipated in the courst 
cf orbital contraction. Previously we have suggested (Huang 
19o5ao; unax one angular momentum that is lost by rotating 
soars through a similar braking process may have gone to the 
surrounding medium that is remnant of star formation. Je have 


further 

speculated that this medi 

.uni, 

afuer having acquired 

angular 

momentum, will collapse i 

nto 

a disk structure from 

n 

wnich a 

planetary system may emer 

'go • 

i/hat is said of braing 

A ° 

rotating 

stars obviously applies 

also 

to the braking of 


orbital motion. Consequently v/e mould expect that planetary 
systems around .7 ULa stars might be common. Since the orbits 
angular momenta of binaries are much greater than those of 
ro.pidly spinning stars, v/e may also conjecture that the 
planets, if indeed formed at all, v/ill be much farther away 
from the parent binaries. On the other hand because of the 
large angular momentum, the surrounding medium may become so 
dispersed that it never reaches densities high enough for 
condensation. 

from the present studies and others on stellar rotation 
(Huang 1365a and b) v/e can no v; draw some general conclusion 


can 
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single ones or in binaries of noderate and distant seas rations. 


Multiple systems nay be broken dorm as being composed of a 
number of binaries, for example., a triple system can be 
regarded as a close pair plus a distant pair by considering 
the close pair as a single component in the latter. In this 
v;ay we can discuss all stars in terns of singles and pairs as 
shorn in Figure 1 . 

Close binaries cannot be formed as they are because the 
t-.vo components would have engulfed each other and two engulfed 
soars will eventually coalesce into a single one. This 
situation resembles two water drops forming a. "single ' 
drop. As a result of gravitational attraction by matter on 
one side of the surface, and nothing in the other side, -we 
nay imagine a sort of surface tension that prevails on the 
common surface of two engulfed stars. The result is the 
inevitable fusion of two into a single sphere. Hence according 
to our view all close binaries are derived from binaries of 
moderate separations . Although the exact range of these 
separations cannot be specified at this moment we may consider 
them to cover some range of spectroscopic binaries. Their 
components drift together by different amounts depending 
unon the efficiency of angular momentum dissipation. Seme: 


; c one close oinaries wior.ou'0 contact wniie 


•3 oecome 


>ntact binaries. Among the latter, some remain as contact 
.naries but the rest ovoi. to become rapidly rotating single 



.bars m a manner aescnosa 


previous sacaion. 


-n.; 


saars nay remain as rotating ones or lace xuran^ 




guiar momentum to bring into existence of 


er u.ssipation 
n e t ary s y s t cm, ♦ 


m Figure 1 v;e illustrate our general idea of the interne lat ion- 


From Figure 1 it becomes evident that the dissipation of 
stellar angular momentum through electromagnetic interaction, 
just as the dissipation of energy through radiation, shows 
the arrow of time, as distant binaries are dissociated by 
stellar encounters ( 0 h an d r a s a kh a r 1344) while close binaries 
are braked in the course of stellar magnetic activity. Con- 


seouent. 


‘ 'f vroi 
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that young stellar objects possess 
a higher angular momentum per unit mass than old objects, 
fhis expectation seems also to be in agreement with observed 
frets. For example it has been pointed out frequently that 
eclipsing binaries are scarce in globular clusters. 

Finallv it should be mentioned that the main purpose 
of this rarer is to call the attention to the concept of 
magnetic braking of orbital notion and its consequences . 


o 1 n ’ =. 


a discuss 


ion is presented here, individual 


U cl o >J O 


of observation are not treated, penning 


lor xurtner 


investigations . Also excluded from, our present consideration 
are the peculiar objects, especially tns peculiar n-tyoe 
s tars and metallic line 


;ars which differ so drastically in 



their frequency occurrence in spectroscopic binaries fro m 
the nor.:' cl A-type stars (Abt 19S1, 19S5; Jaschek and Jaschek 
1932) . Perhaps the behavior of these peculiar objects could 
be understood only after v;e had first known the evolutionary 
sequence that led then to the present peculiar stare . 

I would like to express ny sincere thanks to hr. Clarence 
bade , Jr. for the evaluation of the various functions and 
integral that appear in this paper on the I3k 7094 computer 
at Goddard. 
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